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Summary 

l-Buten-3-yl-n-butyldichlorotin, generated in situ by redistribution of (E/Z)-2- 
butenyltri-n-butyltin and BuSnCl,, reacts readily with neat RCHO (R= CH,, 
C,H,, (CH,),CH) at 25’C to give linear alcohols RCH(OH)CH$H=CHCH, 
and/or 2,3,4$Ltetrasubstituted tetrahydropyrans, ~H,CH(R)~CH(R)CH(CH,)~H- 
(Cl), which are mainly in the cikonfiguration with respect to the CH(CH,)-CH(C1) 
bond. When R = (CH,),C and c;jHii, only the homoallylic alcohols are obtained. 

These cis-stereoconvergent syntheses are explained in terms of kinetic control of 
the formation of adducts obtained by insertion of one or two aldehyde molecules 
into the organotin substrate. 

Intmduction 

In recent years allyltins have assumed an important role among the family of 
allylic organometallics [1,2] used in stereocontrolled syntheses of open-chain com- 
pounds [3]. Crotyltributyltin adds stereospecifically to PhCHO at 200°C and to 
CC1 ,C!HO. at 2OT [4] and stereoselectively to PhCHO in the presence of BF, + OEt z 
151. A total cis-convergence ** is noted with the use of t_he ternary system (E/Z)- 

* Ref. 9 is considered Part IV; for Part III see ref. 8. 
** Stereoconvergence denotes the predominant formation of one and the same product stereoisomer from 

both stereoisomeric precursors (see ref. 2). 
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Bu,SnCH,CH==CHCH,/RCHO/Bu,SnCl,, where RCHO is a saturated [6] or an 
a&unsaturated aldehyde [7]. 

More recently 2-butenylbutyldichlorotin has been shown to be a very versatile 
reagent: this substrate reacts with aldehydes to form homoallylic alcohols and/or a 
mixture of ci.s/truns-4-chlorotetrahydropyrans, CH,CH(R)OCH(R)CH(CH,) H- 
(Cl), in which the trans-isomer * is the major product 181. Tetrahydropyrans are also 
formed by treatment of X,SnCH,CH=CH, compounds (X = Cl or Br) with 
C,H,CHO [9]. 

These reactions have been explained by using pathways in which the insertion of 
two aldehyde molecules into BuCl,SnCH,CH=CHCH, gives tin alkoxides of the 
type: Bu~l*Sn~H(R)O~H(R)CH~CH~H~ (R’ = H or CH,), which collapse 
intramolecularly to the heterocyclic compounds. 

In view of these findings, we have undertaken a study of the addition of 
BuCI,SnCH(CH$H=CH,, generated in sifu by redistribution of (E/Z)- 
Bu,SnCH,CH==CHCH, and BuSnCl,, to aldehydes, RCHO (R= CH,, C,H,, 
(CH,),CH, (CH,),C and C,H,). Since a-methylallyltin substrates are known to 
give cis-stereocontrolled syntheses ]6,7,10], we expected to find a c&convergent 
control in the formation of the products. 

Details of the IR and NMR equipment and the preparation of the starting 
materials have been described previously [6,8]. 

GLC analyses were made with a Sigma-3P Perkin-Elmer apparatus operating 
with a flame-ionization detector. 

Addition reactions 

The procedures were as follows: (a) Equimolecular amounts (25 mmol) of 
(E/Z)-Bu,SnCH,CH=CHCH, (with various isomer ratios in the range 33/66 to 
75/25) and RCHO were mixed. The mixture was added as quickly as possible to 
sufficient liquid BuSnC13 at 0°C in order to give a mol ratio Bu,SnCH,- 
CH=CHCH,/RCHO/BuSnCl, of l/l/l. Then the solvent-free mixture was al- 
lowed to reach a constant temperature at 25*C, under stirring. The progress of the 
reactions was monitored by infrared spectroscopy, as described previously [7,8]. 
Then, at the appropriate time, aqueous Na,CO, 2 M (15-20 ml) was added and the 
products extracted with ethyl ether. Volatile components were separated from the 
solid residues by trap-to-trap distillation in a cold bath (liquid nitrogen). The solvent 
was taken off by subsequent distillation. 

Runs performed by this procedure are listed in Table 1. Three main products 
were obtained: linear and branched alcohols and 4-chloro-2,6-dialkyl-3-methyltetra- 
hydropyrans (alkyd = C,H,, i-C,H,). l-Buten-3-01 was also recovered in small 
quantities (cf. runs l-3 of Table 1). 

(b) Following procedure (a), runs were also performed in CH,Cl, (30-40 ml). 
Results are given in Table 2. 

(c) Another set of runs was performed using different molar ratios of the three 

* The isomerism occurs at the CH(CH,)-CH(C1) bond. 

~~on~in~d on p. 260) 
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components, Bu,SnCH,CH=CHCH,/RCHO/BuSnCI,, ranging from l/2.5/1 to 
1/7/l (Cf. Table 3). 

Ch~acte~~tion of the compounds obtained and analysis of the recovered 
mixtures were made by 13C NMR and IR spectroscopy, mass spectra and GLC 
analysis as described previously [8]. For quantitative determinations the i3C NMR 
spectra were recorded using sufficiently long pulse intervals to avoid saturation of 
the nuclear spins (at least 25 s) and the nuclear Overhauser effect (NOE) was 
suppressed by the gated decoupling method [ll]. 

Results and discussion 

For all of the systems studied here, allylstannation takes place under mild 
conditions: reaction is complete in less than 1 h when R = CH,, C,H, or i-C,H,, in 
24 h when R = C,H, and in 2 days when R = (CH,),C. 

4-C~oro-2,6-di~kyl-3-methyltetr~ydropyr~s (R = CH,, C,H, and i-C3H7), 
predominantly in the cis-isomeric form, were obtained, together with homoallylic 
alcohols, by mixing equimolecular amounts of the three components, 
Bu,SnCH,CH=CHCH,/RCHO/BuSnCi, (cf. Table 1). Under the same conditions 
only the carbinols were recovered when R = C,H, and (CH,),C. 

In CH,Cl, solution, ‘still operating with equimolecular amounts of the three 
reagents (cf. Table 2), only carbinols were obtained. 

The formation of chlorote~~ydropyr~s is predominant (cf. Table 3) when the 
reaction is carried out with an excess of aldehyde. Figure 1 describes, as an example, 
the behaviour of the system with C,H,CHO; it gathers together the findings of runs 
l-3 of Table 1 and runs 15-19 of Table 3. The yield of the chlorotetrahydropyran 
increases to reach a m~mum value (82-85%) for a mol ratio C,H,CHO/ 
Bu,SnCrotyl in the range 2-3; then, for higher mol ratio values, it decreases because 

MOLAR RATIO C$,CHO/ Bu$Crot 

Fig. 1. Dependence of the product composition on the C1HsCHO/BusSnCH,CH=CHCH3 mol ratio, in 
absence of solvent: runs l-3 and 16-19 (cf. Tables 1 and 3). 4-Chloro-2,6-diethyl-3-methyltetrahydro- 
pyrau (Cl), linear alcohols (0), branched alcohols (A), trimeric aldehyde (C,H,CHO), (a). 
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of the competitive reaction leading to the trimeric aldehyde (compare with ref. 8). 
The most striking feature of these results is the high cis-convergence in the 

formation of both linear homoallylic alcohols and chlorotetr~y~opyr~s. Both of 
these compounds arise from addition reactions shown in Scheme 1. 

(E/Z I- Bu3SnCH2CH=CHCH3 
(a) 

+ BuSnCI, - BuC12SnCHCH=CH, + 
I 

Bu,SnCI 

fb) 

cis-BuCt.$SnOCH(RlCHrCH=CHCH3 J 

(1) 

t 
I 

+ RCHO (d) 

t RCHO 

&drolysis 

1 CiS-HOCH(R)CH$H=CHCH3 + BuCl$nOH 

cis-BuClzSnOCH(R)OCH(R)CH2CH~CHCH3 

t ii f 

/ 

CHCI 

(e) HzC’ ‘CHCHrt 

RH!b,!HR + BuC’Sno 

SCHEME 1 (CiS) 

Step a represents the fast redistribution process giving the ar-methylaIlyltin 
substrate. Adduct I, formed by the addition step b, is expected to have a cis-config- 
uration both on the basis of previous arguments [6] and because a-methylallyltins 
have been found [6,7,10] to give rise to kinetically-controlled reactions leading to 
products with the &r-configuration. Hydrolysis of I leads to linear homoallylic 
alcohols completely in the cam-~nfiguration (step c), whereas the further insertion of 
an aldehyde molecule into the Sn-0 bond of I (step d) allows the formation of 
adduct II which maintains the same linear k-configuration. The intramolecular 
rearrangement of II (step e) is still a stereocontrolled reaction giving stereospecifi- 
tally the chlorotetrahydropyran in the isomeric form with the &s-configuration. 

The present results, together with those dealing with the systems BuCl,SnCH,- 
CH=CHCH,/RCHO [8] in which a &an.+convergence in the formation of the 
chlorotetrahydropyrans was found, permit us to put forward a general view of the 
stereospecific formation of cis- and truns-chlorotetrahydropyrans as depicted in 
Scheme 2. 

Crotyl- and a-methylallyltin substrates can form, with aldehydes, the four iso- 
merit adducts: rhreo, tram, erythro and cis. Their r~~gements, probably through 
transition states with bicyclononane structures, as shown in the scheme, give rise 
stereospecifically to trans- or cis-chlorotetrahydropyrans. In the present case it is 
probable that the cis-adduct is formed preferentially, so that the final products are 
predominantly cis. The recovery from some experiments of small amounts of 
trans-chlorotetrahydropyrans (O-2033 is attributed to some isomerization of the 



threo -adduct t rans-adduc t erythro-adduct cis-adduct 

Fi R 

SCHEME 2 

(trans-THP) fcis-THPf 

~-~ethyl~lylt~ substrate in the presence of BuSnCl,, leading crotyltin isomers. 
These are known [8] to form three and er@zro adducts with aldehydes, which lead 
eventually to frans and cis products, respectively. 
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